Background {#Sec1}
==========

Herbs and natural products are important sources of medicinal compounds and their beneficial healing effects have been well recognized since ancient times. The characteristics and therapeutic effects of natural bioactive compounds, especially from plant sources including spices, have been extensively investigated. Phytochemicals are important compounds found in medicinal plants that are not essential for the normal functioning of the human body, but are active and exert beneficial effects on health or in amelioration of diseases. Although many phytochemicals are already known, there are many that are yet to be identified \[[@CR1]\]. According to a report by the World Health Organization, 80 % of the population in developing countries depend on traditional medicine for their primary health care, and 85 % of traditional medicine is derived from plant extracts \[[@CR2]\]. In Malaysia, herbs and spices are generally consumed raw and fresh similar to vegetables (salad), especially by the Malay community. *Strobilanthes crispus* is a well-known herb in Malaysia. This plant, locally known in Malaysia as Pecah kaca, Pecah beling, Karang jin, Bayam karang and yellow strobilanthus in English, is a plant that belongs to the Acanthacea family. It is a woody spreading shrub with glossy dark-green, opposite, elliptical-shaped leaves. *Strobilanthes crispus* is traditionally used as a folklore medicinal plant in Malaysia and Indonesia as an antidiabetic, diuretic, or antilithic agent as well as a laxative to treat constipation \[[@CR3]\]. The plant is also known as Hei Mian Jiang Jun (Black-faced General) to the local Chinese community and the leaves of the plants are normally boiled and taken as tea or is mixed with other herbs. In addition, *S. crispus* has been reported to have various other properties including antidiabetic \[[@CR4], [@CR5]\], antioxidant \[[@CR6], [@CR7]\], antiangiogenic \[[@CR8]\], and wound healing activities \[[@CR9]\] as well as a hypolipidemic effect \[[@CR5]\]. Oxidative stress is considered to be substantial, if not crucial, in the initiation and development of many current conditions and diseases, including: inflammation, autoimmune diseases, cataract, cancer, Parkinson's disease, arteriosclerosis and aging \[[@CR2], [@CR10]\]. Cancer is a multi-step disease incorporating physical, environmental, metabolic, chemical and genetic factors, in which each plays a direct and/or indirect role in the induction and deterioration of cancers. Diet with high consumption of antioxidant rich fruits and vegetables reduces the risk of many cancers types, significantly suggesting that these antioxidants could be effective agents to inhibit cancer \[[@CR11]\]. Antioxidants in the diet are very promising as cancer inhibitors because of their low toxicity, safety and general acceptance \[[@CR12]\]. Isolated polyphenols from different plants have been considered in a number of cancer cell lines at different stages of cancer growth. For example, the isolated polyphenols from strawberry including kaempferol, quercetin, anthocyanins, coumaric acid and ellagic acid, were shown to inhibit the growth of human breast (MCF-7), oral (KB, CAL-27), colon (HT-29, HCT-116), and prostate (LNCaP, DU-145) tumor cell lines \[[@CR13], [@CR14]\]. The pharmaceutical activity of herbs is correlated to their content of phytochemicals. Various phytochemical groups and constituents have been identified in *S. crispus* including flavonoids, phenolic acids, alkaloids, and ester glycosides \[[@CR15]\]. Phenolic acids identified in ethanol extracts of dried leaves of *S. crispus* included p-hydroxybenzoic acid, p-coumaric acid, caffeic acid, vanillic acid, gentinic acid, ferulic acid, and syryngic acid, and the alkaloids caffeine and tannin are also present \[[@CR6]\]. The flavonoid compounds identified in leaves extracts of *S. crispus* included naringenin, (+)-catechin, kaempferol rutin, myricetin, apigenin, luteolin, and (−)-epicatechin \[[@CR16]\]. Previous studies reported that environmental conditions have a substantial effect on the phytochemical content and composition \[[@CR17]\]. Therefore, it is important to refer to the sampling location and environmental parameters when considering the content of phytochemicals and the beneficial effect on health exerted by *S. crispus*.

To the best of our knowledge, there is little information on the content and pharmaceutical quality of phenolic compounds in Malaysian *S. crispus* or whether the production of secondary metabolites differs between *S. crispus* leaves grown in different geographical locations in Malaysia. Thus, the aim of this study was to characterize the phytochemical content and investigate the antioxidant and anticancer activity in *Strobilanthes crispus* leaves grown in three different areas \[North-east (Kelantan), Central (Selangor), and North (Penang)\] of Malaysia.

Methods {#Sec2}
=======

Plant sampling {#Sec3}
--------------

Samples of *S. crispus* were collected from three different area of Malaysia: Penang (North), Kelantan (North-east) and Selangor (Central) by Malaysian Agriculture Research and Development Institute (MARDI), Serdang, Selangor, Malaysia. The samples were identified by Dr Salma Idris and voucher specimens were deposited at the Herbarium of MARDI. Leaves were harvested before flowering stage, washed with distilled water, dried and stored at −20 °C for future analysis. Table [1](#Tab1){ref-type="table"} represent climatic and geographical information of sampling area.Table 1Climatic and geographical information of sampling areaLocationsLowest temperature (°C)Highest temperature (°C)Above sea level (m)Humidity (%)Light intensity (μmol/m^2^/s)Average rainfall (mm)Penang23323767602670Selangor233356809402600Kelantan2132428110502500

Extraction {#Sec4}
----------

### Preparation of aqueous extract {#Sec5}

Dried leaves (50 g) were grounded into powder followed by extraction with distilled water (1 L). Solutions were refluxed  for 2 h at 65 °C, then cooled and filtered through Whatman filter paper (No. 1) in a filter funnel, followed by evaporation under reduced pressure in an Eyela rotary evaporator to remove excess water (crude extract weight was 9.14 g).

### Preparation of ethanol extract {#Sec6}

Dried powdered leaves (50 g) were ground into powder followed by extraction with ethanol (1 L). Solutions were refluxed for 2 h at 65 °C. The solution was then cooled at room temperature and filtered through Whatman filter paper (No. 1), followed by evaporation under reduced pressure in an Eyela rotary evaporator to remove excess solvent. The residue was freeze-dried and dried extracts were kept at −20 °C for future analysis (crude extract weight was 2.78 g).

### Total phenolic content {#Sec7}

Extracts of leaves (200 μL) were diluted in 20 mL of distilled water. Folin-Ciocalteu reagent (10-fold diluted; 1 mL) was added and the mixture was incubated in total darkness for 10 min at room temperature. After this time, sodium carbonate 7.5 % (1 mL) was added and incubated for 30 min, then the absorbance of the solution was read at 765 nm using a spectrophotometer (UV2550, Shimadzu, Japan) \[[@CR18]\]. Different concentrations of gallic acid were used to prepare a calibration curve. Results were expressed as milligram gallic acid equivalents (GAE)/g DM.

### Total flavonoid content {#Sec8}

Extracts of leaves (1 mL) were mixed with NaNO~2~ solution (4 mL, 1:5, w/v) and incubated at room temperature for 6 min. After this time, 0.3 mL of AlCl~3~ solution (1:10, w/v) was added, the reagents were mixed well, and the reaction was allowed to stand for another 6 min. Immediately after that, 1 M NaOH solution (2.0 mL) was added to each extract and incubated for 10 min at room temperature. The absorbance of the solutions was read at 510 nm using a spectrophotometer (UV2550, Shimadzu, Japan). Different concentrations of quercetin standard were used to prepare a calibration curve \[[@CR19]\]. Results were expressed as milligram querectin equivalents (QE)/g DM.

### Total saponin content {#Sec9}

Leaves dry sample (0.5 g) was mixed with 10 mL of 80 % aqueous methanol in centrifuge tubes. The tubes were tightly capped and the contents were stirred overnight using a magnetic stirrer. The tubes were centrifuged at 3000 g for 10 min at room temperature and the supernatants were collected in 25 ml volumetric flasks. The residue was washed thrice with 5 ml of 80 % aqueous methanol. Aliquots of the samples from the flasks were used for saponin determination. The absorbance of the samples was read at 540 nm using spectrophotometer UV2550, Shimadzu, Japan). Methanol was used as a blank. Diosgenin as a standard was dissolved in methanol with varied concentrations (0.06, 0.12, 0.24, and used for the calibration curve. Results were expressed as milligram diosgenin equivalents (DE)/g DM.

### Separation and analysis of flavonoids and phenolic acids {#Sec10}

Ultra-high performance liquid chromatography (UHPLC, 1290 Infinity Quaternary LC System, Agilent, Santa Clara, CA, USA) was used to separate and identify the phenolics and flavonoids. The chromatographic system conditions were set as follows: mobile phase, 0.03 M orthophosphoric acid (A) and methanol HPLC grade (B); detector, UV 360 nm; column, C18 column (5.0 μm, 4.6 mm inner diameter \[ID\] × 250 mm); column oven temperature, 35 °C; and flow rate, 1.0 mL/min. Gradient elution was performed as follows: 0--10 min, 10 % B; 10--15 min, 50 % B; 15--20 min, 100 % B; and finally 5 min for washing. Linear regression equations were calculated using Y = aX ± b, where X is the concentration of the related compound and Y the peak area of the compound obtained from UHPLC \[[@CR19]\]. The linearity was established by the coefficient of determination (R^2^). All flavonoids (rutin hydrate ≥94.0 %; quercetin ≥95.0 %; kaempferol ≥97.0 %; (+) catechin ≥99.0 %; naringenin 98.0 %; apigenin ≥95.0 %) and phenolic acids (gallic acid monohydrate ≥99 %; ferulic acid ≥99 %; trans-Cinnamic acid ≥99 %; chlorogenic acid ≥95 % and caffeic acid \>98 %) standards were purchased from Sigma-Aldrich, Malaysia.

*In vitro* evaluation of antioxidant activity {#Sec11}
---------------------------------------------

### 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay {#Sec12}

The DPPH assay was used in order to evaluate the free radical scavenging activity of *S. crispus* extracts. DPPH was dissolved in methanol at a concentration of 100 μM. The DPPH solution (3 mL) was mixed with 3 mL of various concentrations (10, 20, 40, 80 and 160 μg/mL) of *S. crispus* extracts and incubated in a dark room for 20 min at 27 °C. After incubation, the absorbance of the samples was read at 517 nm using a spectrophotometer (UV2550, Shimadzu, Japan). Butylated hydroxytoluene (BHT) and α-tocopherol were used as a positive control \[[@CR20]\]. DPPH, BHT (≥99.0 %) and α-tocopherol (≥95.5 %) were purchase from Sigma-Aldrich, Malaysia.

The scavenging activity was calculated using the following formula:$$\documentclass[12pt]{minimal}
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### Ferric reducing antioxidant potential (FRAP) assay {#Sec13}

The stock solutions consisted of 10 volume of 300 mM acetate buffer (PH = 3.6), 1 volume of 10 mM TPTZ (2,4,6-tripyridyl-S-triazine) solution in 40 mM HCl, and I volume of 20 mM FeCl~3~ solution. Acetate buffer (25 mL) and TPTZ (2.5 mL) were mixed (FRAP solution), and 2.5 mL FeCl~3~ added. Leaves extract (100 μL) and deionized water (300 μL) was added to 3 mL of the FRAP solution and incubated for 30 min at 37 °C in the dark water bath. The bsorbance of the resultant solution was measured at 593 nm using a spectrophotometer (U-2001, Hitachi Instruments Inc., Tokyo, Japan) acetate buffer was used as a blank reading. A standard curve was prepared using various concentrations of FeSO~4~ × 7H~2~O. The difference between sample absorbance and blank absorbance was calculated and used to calculate the FRAP value \[[@CR21]\].

Determination of anticancer activity {#Sec14}
------------------------------------

### Cell culture and treatment {#Sec15}

Human cervical carcinoma cell line (HeLa cells) and normal human mammary epithelial cells were purchased from the laboratory of Molecular Biomedicie, Institute Bio-sience, University Putra Malaysia, Serdang, Selangor, Malaysia. Cells were cultured in RPMI 1640 media containing 10 % fetal bovine serum (FBS). Cell lines were incubated overnight at 37 °C in 5 % CO~2~ for cell attachment. The cells were maintained by sub-culturing in 25 cm^2^ tissue culture flasks. Cells growing in the exponential phase were used for cell viability assay.

### MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay {#Sec16}

The assay was conducted as follows: Cancer cells were seeded in 96-well plates at a density of 1 × 10^4^ cells/well in 100 μL RPMI. After 24 h, the medium was removed and the cells were incubated for 3 days with RPMI in the presence or absence of various concentrations of *S. crispus* leaves extract (test extracts were prepared in 0.1 % Dimethyl sulfoxide and serially diluted with media to obtain appropriate concentrations). The following concentrations of extracts were used: 20, 40, 80, 160, 320, and 640 μg/mL. Cells in the control group received only media containing 0.1 % Dimethyl sulfoxide (DMSO). After incubation, the test compound containing media was removed and washed with 200 μL of PBS followed by addition of 20 μL of MTT reagent (5 mg/mL MTT in PBS) and incubated for 4 h at 37 °C. The medium was removed and 100 μL DMSO was added and the absorbance measured using a micro plate reader at 540 nm followed by the calculation of percentage viability. 0.1 % (v/v) DMSO in medium was used as negative control. The cell viability was determined using the formula:$$\documentclass[12pt]{minimal}
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Optical density of sample = absorbance of cells treated with extract - absorbance of cells treated with 0.1% DMSO medium. Optical density of control: absorbance of cells treated with 0.1% DMSO medium. Each point represents the mean of triplicate experiments.

Results and discussion {#Sec17}
======================

Total phenolic content (TPC) and total flavonoid content (TFC) {#Sec18}
--------------------------------------------------------------

Aqueous and ethanol extracts of *S. crispus* leaves collected from three different locations in Malaysia, were evaluated for phytochemical composition. As shown in Table [2](#Tab2){ref-type="table"}, the leaves collected from different locations had significantly different concentrations of TPC were also dependent on the solvent. Aqueous extracts from the leaves collected from Kelantan exhibited the highest level of TPC (12.62 mg GAE/g DM) compared to that of aqueous extracts of leaves collected from Selangor (10.45 mg GAE/g DM) and Penang (9.12 mg GAE/g DM). Extraction with water rather than ethanol enhanced the levels of TPC by about 37.3 % in extracts of leaves collected from Penang, 49.2 % in extracts of leaves from Selangor, and 42.4 % in extracts of leaves from Kelanton. The extracts from the *S. crispus* leaves had a higher TPC than that reported previously for other herbs including *Marrubium vulgare* (3.86 mg/100 g DM), *Rosmarinus officinalis* (1.71 mg/100 g DM), *Artemisia vulgaris* (3.83 mg/100 g DM), *Levisticum officinale* (0.72 mg/100 g DM), *Epilobium hirsutum* (4.03 mg/100 g DM), and *Chelidonium majus* (2.09 mg/100 g DM) \[[@CR22]\].Table 2Total phenolic, total flavonoid and total saponin content of *S. crispus* leaves, extracted with different solvent and collected from three different locationsSampling locationSolventTPC (mg GAE/g DM)TFC (mg QE/g DM)TSC (mg DE/g DM)Penangaqueous9.12 ± 0.726^c^5.15 ± 0.345^c^26.2 ± 2.451^e^ethanol6.64 ± 0.668^e^3.28 ± 0.266^e^22.5 ± 2.328^f^Selangoraqueous10.45 ± 0.689^b^6.20 ± 0.322^b^34.4 ± 2.336^c^ethanol7.00 ± 0.566^e^3.58 ± 0.291^e^30.4 ± 2.842^d^Kelantanaqueous12.62 ± 0.512^a^7.44 ± 0.429^a^44.7 ± 3.726^a^ethanol8.86 ± 0.829^d^4.66 ± 0.284^d^38.8 ± 2.458^b^All analyses are the mean of triplicate measurements ± standard deviation. Means not sharing a common letter in each column were significantly different at *P* \< 0.05

The amount of TFC was between 3.28 and 7.44 mg QE/g DM and, the different locations and solvents significantly influenced the TFC. Leaves extract of *S. crispus* obtained from Kelantan exhibited highest TFC (44.0 mg QE/g DM) followed by Selangor (6.20 mg QE/g DM) and Penang (5.15 mg QE/g DM) samples. Similar to TPC, compared to ethanol extraction, aqueous extraction enhanced the level of TFC by about 57 % (Penang), 73.1 % (Selangor), and 59.6 % (Kelantan). It is apparent from Table [2](#Tab2){ref-type="table"} that the solubility of polyphenolic compounds is higher in aqueous solvents than that in ethanol. The TFC of extracts of *S. crispus* leaves from Kelantan was higher than that previously reported for herbs including *Cymbopogon citratus* (3.05 mg/g DM), *Mentha piperita* (3.01 mg/g DM), *Citrus bergamia* (2.11 mg/g DM), *Mentha piperita* (3.16 mg/g DM) and Jasminum (3.05 mg/g DM) \[[@CR23]\].

Herbs may contain saponins, which are important phytochemicals with a wide range of medicinal properties, including anticarcinogenic, anti-inflammatory, antioxidant, and antimicrobial activities \[[@CR24]\]. A variable saponin content was identified in different herbs and plants including onion, garlic \[[@CR25]\], Kacip Fatimah \[[@CR26]\], soya \[[@CR27]\], peas \[[@CR28]\] and notoginseng \[[@CR29]\]. In the current study, *S. crispus* leaves from all locations had high TSC. Aqueous extracts of *S. crispus* leaves from Kelantan had the highest TSC (44.7 mg DE/g DM) followed by Selangor (34.4 mg DE/g DM) and Penang samples (26.2 mg DE/g DM). The TSC increased by about 16.4 % (Penang), 13.15 % (Selangor), and 15.2 % (Kelantan) when an aqueous solvent was used rather than ethanol.

Antioxidant activity {#Sec19}
--------------------

The antioxidant properties of *S. crispus* leaves extracts from three different location of Malaysia were determined using two different methods namely DPPH and FRAP assays. The results from both assays showed significant differences in the antioxidant activity owing to different sampling locations and solvent type (Table [3](#Tab3){ref-type="table"}) with aqueous extracts having greater DPPH free radical scavenging activity and ferric reducing antioxidant potential (FRAP) than that of the ethanol extracts. At a concentration of 100 μg/mL, the highest DPPH free radical scavenging activity was observed in the aqueous extract of *S. crispus* leaves from Kelantan (73.8 %) followed by Selangor (62.4 %) and Penang (54.6 %), with the half maximal inhibitory concentration (IC~50~) of 44.1, 58.2, and 78.3 μg/mL, respectively compared to BHT (37.5 μg/mL) and α-tocopherol (26.4 μg/mL), (Fig. [1](#Fig1){ref-type="fig"}). It should be noted that a lower IC~50~ value represents a better free radical inhibition (strong free radical inhibitors are active at low concentrations). Thus, the results indicated that aqueous extracts have higher antioxidant activity compared to ethanolic extracts. The FRAP value was in the range of 59.8--267.5 μM of Fe (II)/g with the highest and lowest reducing activity observed in the aqueous extracts from Kelantan leaves and ethanol extracts from Penang leaves, respectively. The FRAP activity increased by about 96.6 % (Penang), 42.5 % (Selangor), and 32.5 % (Kelantan) when extraction was performed with aqueous solvent rather than ethanol. Qader et al. \[[@CR7]\] reported that aqueous extracts of *S. crispus* leaves (1 mg/mL) showed antioxidant activity with Fe^2+^ reducing ability (1182 mM/g) compared to gallic acid (1216.67 mmol/g) using the FRAP assay. In a previous study, ethanol extract of *S.crispus* leaves (0.2 %) showed antioxidant activity with Fe^2+^ reducing ability 180 % compared to vitamin E (78 %) using ferric reducing antioxidant potential \[[@CR6]\]. Muslim et al. \[[@CR8]\] reported that aqueous extract (800 μg/mL) of *S.crispus* leaves exhibited 17.46 % scavenging activity. Bakar et al. \[[@CR30]\] compared the antioxidant activity of *S.crispus* (unfermented tea) with green and black tea using FRAP and DPPH method and showed that *S.crispus* exhibited highest FRAP value (2091 μmol/L) and lowest DPPH free radical scavenging activity (63.21 %) compared to green (FRAP: 56.7 μmol/L; DPPH: 79.56 %) and black tea (FRAP: 34.3 μmol/L: DPPH: 74.27 %). Several studies reported a significant correlation between the antioxidant activity of herbs and the phytochemical content \[[@CR19], [@CR22], [@CR31], [@CR32]\]. In the current study, aqueous extracts of *S. crispus* leaves collected from Kelantan had the highest content of total flavonoids, total phenolics, and total saponins together with high antioxidant properties.Table 3Antioxidant activity of *S. crispus* leaves, extracted with different solvent and collected from three different locationsSampling locationSolventDPPH free radical scavenging activity (%)IC~50~ (μg/mL)Ferric reducing antioxidant potential (μM of Fe (II)/g)IC~50~ (μg/mL)Penangaqueous54.6 ± 2.776^c^78.3 ± 2.64^c^117.6 ± 4.305^g^80.6 ± 3.47^c^ethanol41.7 ± 3.261^f^146.5 ± 3.60^a^59.8 ± 4.026^h^148.3 ± 3.48^a^Selangoraqueous62.4 ± 2.226^b^58.2 ± 2.01^d^180.6 ± 6.208^e^63.2 ± 2.16^d^ethanol49.2 ± 1.894^e^117.6 ± 2.64^b^126.7 ± 4.550^f^122.6 ± 2.77^b^Kelantanaqueous73.8 ± 3.385^a^44.1 ± 3.16^e^267.5 ± 9.568^b^52.8 ± 1.76^e^ethanol55.4 ± 2.628^c^80.5 ± 3.28^c^201.8 ± 7.452^d^80.7 ± 3.04^c^BHT51.6 ± 3.441^d^37.5 ± 1.59^f^250.6 ± 7.255^c^40.7 ± 1.15^f^α-tocopherol60.2 ± 4.266^b^26.4 ± 1.24^g^322.1 ± 10.150^a^29.1 ± 1.52^g^All analyses are the mean of triplicate measurements ± standard deviation. Means not sharing a common letter in each column were significantly different at *p* \< 0.05Fig. 1The DPPH radical scavenging activity of *S. crispus* leaves, extracted with different solvents and collected from three different locations. *Bars* represent standard error of the means

Separation and identification of phenolic acids and flavonoids {#Sec20}
--------------------------------------------------------------

In the current study, five phenolic acids (gallic acid, ferulic acid, cinnamic acid, chlorogenic acid, and caffeic acid) and six flavonoid compounds (quercetin, rutin, kaempferol, catechin, naringenin, and apigenin) were identified from the extracts of *S. crispus* leaves collected from three different locations (Table [4](#Tab4){ref-type="table"}). The aqueous rather than the ethanolic extraction method was chosen for profiling of phenolic acids and flavonoids in order to maximize the TPC, TFC, TSC, and antioxidant activity. The results from the three different sampling locations showed significant differences. The highest content of caffeic acid (2.95 mg/g DM), ferulic acid (1.76 mg/g DM), chlorogenic acid (0.75 mg/g DM), and gallic acid (1.45 mg/g DM) was observed in extracts of leaves collected from Kelantan. trans-Cinnamic acid at a concentration of 0.44 mg/g DM was detected in extracts of leaves from Penang but not in the extracts of the leaves from the other two locations. Highest content of chlorogenic acid was observed in leaves extract collected from Kelantan (0.75 mg/g DM) followed by Selangor (0.5 mg/g DM). Chlorogenic acid was not detected in the extracts of leaves from Penang. The most important phenolic acids identified in this study, based on concentration were caffeic acid \> ferulic acid \> gallic acid \> chlorogenic acid \> trans-cinnamic acid. The flavonoids compounds were significantly different between the extracts of leaves from the three different locations. Compared to the extracts of leaves from the other two locations, extracts of *S. crispus* leaves collected from Kelantan had the highest content of quercetin (1.95 mg/g DM), rutin (1.48 mg/g DM), kaempferol (0.56 mg/g DM), catechin (1.12 mg/g DM), naringenin (0.58 mg/g DM), and apigenin (0.0.92 mg/g DM). Kaempferol and naringenin were not detected in the extracts of leaves from Penang, and naringenin was not detected in the extracts of leaves collected from Selangor. Quercetin has been reported to be a potent antioxidant with anticancer activity \[[@CR33], [@CR34]\]. *S. crispus* leaves had high levels of quercetin compared to that in the other herbs such as *Salvia officinalis* (1.78 mg/g DM), *Silybum marianum* (0.23 mg/g DM), *Archangelica officinalis* (0.48 mg/g DM), *Hypericum perforatum* (0.49 mg/g DM), *Syzygium aromaticum* (1.55 mg/g DM), but lower quecetin content than *Chelidonium majus* (7.59 mg/g DM), *Epilobium hirsutum* (2.14 mg/g DM), and *Juglans regia* (4.60 mg/g DM) \[[@CR22]\]. In addition, rutin and catechin which have been reported to have anti- and pro-oxidative activity \[[@CR35], [@CR36]\] were detected in *S. crispus* leaves extracts in quantities higher (particularly in the Kelantan sample) than that reported for a number of other herbs and crops such as Buckwheat (rutin: 0.127 mg/g DM; catechin: 0.033 mg/g DM) \[[@CR37]\], Pandan (rutin: 0.082 mg/g DM; catechin: 0.527 mg/g DM) \[[@CR38]\], and Curry leaf (rutin: 0.042 mg/g DM; catechin: 0.325 mg/g DM) \[[@CR39]\]. The highest kaempferol (0.56 mg/g DM) and naringenin (0.92 mg/g DM) content was identified in the extracts of *S. crispus* leaves collected from Kelantan. The most important flavonoids identified in this study, based on concentration were quercetin \> rutin \> catechin \> apigenin \> naringenin \> kaempferol.Table 4Identified of phenolic acids and flavonoids from *S. crispus* leaves collected from three different locationsSecondary metabolitesPenangSelangorKelantanPhenolic acids Caffeic acid1.94 ± 0.566^c^2.52 ± 0.206^b^2.95 ± 0.311^a^ Ferulic acid0.85 ± 0.426^c^1.15 ± 0.112^b^1.76 ± 0.160^a^ trans-Cinnamic acid0.44 ± 0.335^a^NDND Chlorogenic acidND0.5 ± 0.116^b^0.75 ± 0.128^a^ Gallic acid0.8 ± 0.228^c^1.08 ± 0.221^b^1.45 ± 0.326^a^Flavonoids Quercetin0.82 ± 0.346^c^1.4 ± 0.330^b^1.95 ± 0.334^a^ Rutin0.79 ± 0.122^c^1.04 ± 0.166^b^1.48 ± 0.269^a^ KaempferolND0.54 ± 0.066^a^0.56 ± 0.041^a^ Catechin0.65 ± 0.244^b^0.72 ± 0.114^b^1.12 ± 0.220^a^ NaringeninNDND0.58 ± 0.063^a^ Apigenin0.33 ± 0.106^c^0.6 ± 0.105^b^0.92 ± 0.325^a^All analyses are the mean of triplicate measurements ± standard deviation. Results expressed in mg/g DM. Means not sharing a common letter in each row were significantly different at *p* \< 0.05. *ND* represent not detected

Comparing the three different sampling locations, the concentration of polyphenols decreased in the following order: Kelantan\>Selangor\>Penang. This variation in the content of phenolic acids and flavonoids in *S. crispus* leaves could be related to the differences in the weather conditions or soil nutrition and type, which have been reported previously \[[@CR40]--[@CR42]\]. The height above sea level and light intensity differs between these three sampling locations (Table [1](#Tab1){ref-type="table"}). Light has been shown to be the most important environmental factor influencing anthocyanin biosynthesis in plants \[[@CR43], [@CR44]\]. High light intensity has been shown to enhance the synthesis and production of polyphenols in different plants \[[@CR44]--[@CR46]\]. The results of this research support the hypothesis that differences in phenolic acids and flavonoid synthesis could be related to increasing light intensity at the three different locations (from North-east to North). Increasing light intensity increases net photosynthesis and exceeds the carbon, which leads to an increase in flavonoids and phenolic production in the plants \[[@CR47]\]. According to the "overflow metabolism" concept, when carbon production exceeds the carbon demand associated with plant growth, the excess carbon is channeled into biosynthesis of secondary metabolites \[[@CR48]\]. Also, high light intensity, induces phenylalanine ammonia-lyase enzyme activity which is a key enzyme for phenolics and flavonoid synthesis in plants \[[@CR43]\]. A recent study by Wang et al. \[[@CR44]\] also reported that light stimulated the production of phenolic acids and flavonoids. In a further major study, Jaakola et al. \[[@CR49]\], found that the production of flavonoid compounds in bilberry leaves was enhanced by increasing light intensity. Light increases the biosynthesis of polyphenolics in plants by increasing the activity of phenylalanine ammonia-lyase, which is a key enzyme in the shikimic acid pathway converting phenylalanine into coumaric acid. Coumaric acid is the initial precursor molecule involved in the synthesis of phenolic components in plants \[[@CR50]\].

Anticancer activity {#Sec21}
-------------------

Aqueous extracts of *S. crispus* leaves (20--640 μg/mL) collected from three different locations (Penang, Selangor, and Kelantan) were tested for anticancer activity against the HeLa cells (Fig. [2](#Fig2){ref-type="fig"}). Significant differences (*p* \< 0.05) between IC~50~ value of different location was observed. Extracts of leaves from Kelantan exhibited potent anticancer activity with IC~50~ of 182.5 μg/mL compared to that of extracts of Selangor (IC~50~ = 266.4 μg/mL) and Penang samples (IC~50~ = 331.5 μg/mL) and compared to tamoxifen (IC~50~ = 63.4 μg/mL). No toxicity was observed against normal cells at concentrations of 20--640 μg/mL although tamoxifen was cytotoxic against the normal cell line at concentrations above 127.4 μg/mL (Fig. [3](#Fig3){ref-type="fig"}). Our finding in this research are in accordance with those of Hanisa et al. \[[@CR51]\] who reported that aqueous extracts of *S. crispus* at concentrations of \<200 μg/mL, were not cytotoxic for BHK (baby hamster kidney), VERO (kidney epithelial cells), or RK (rabbit kidney) cell lines. Previous reports have described the anticancer activity of *S. crispus* leaves against different cancer cell lines. Previously, it was reported that aqueous extracts of *S. crispus* leaves (25 mg/mL) were cytotoxic for the liver hepatocellular carcinoma cell line (Hep G2), colon carcinoma cell line (HCT116), ductal breast epithelial tumor cell line (T-47D), lung cancer cell Line (NCI-H23), and breast cancer cell line (MCF-7) with IC~50~ values of \>200, \>200, \>200, \>200, and 120.7 μg/mL, respectively \[[@CR8]\]. Extracts of *S. crispus* leaves (0--100 μg/mL) showed cytotoxic activity against Hela, colon adenocarcinoma cells (HT-29), and breast cancer cells (MDA-MB-231 and MCF-7) with IC~50~ values of 78, 52, \>100, and 30 μg/mL respectively \[[@CR52]\]. In other study, Cheng reported that various extract of *S. crispus* leaves exhibited cytotoxicities against MCF-7, DU 145 and HT-3 cell lines but, IC~50~ values of most of the extracts were not achievable \[[@CR53]\]. Chong et al. showed that hexan extract of S. crispus induced apoptosis via enhanced caspase-3/7 activation in HeLa cancer cell line \[[@CR54]\]. The anticancer properties of herbs and spice is directly related directly to their phytochemical content \[[@CR55]\]. In the current study, the *S. crispus* leaves with the highest content of secondary metabolites exhibited the most potent antioxidant and anticancer activity. In general, therefore, it appears that the potent antioxidant and anticancer activity of *S. crispus* grown in the North-east of Malaysia may be attributed to the high level of phytochemicals.Fig. 2Anticancer activity of *S. crispus* leaves extracts (collected from three different locations) against HeLa cancer cell line. *Bars* represent standard error of the meansFig. 3Toxicity effect of *S. crispus* leaves extracts (collected from three different locations) against normal cell line. *Bars* represent standard error of the means

Conclusion {#Sec22}
==========

This study demonstrated that aqueous solvent rather than ethanol is recommended for extraction of secondary metabolites from *S. crispus* leaves. The levels of secondary metabolites and the pharmaceutical quality of *S. crispus* leaves decreased in the leaves from the North-east (Kelantan) to North (Penang) of Malaysia in the following order: Kelantan\>Selangor\>Penang. The extracts from *S. crispus* leaves exhibited a promising anticancer activity against the HeLa cancer cell line. The extracts contained substantial amounts of effective phenolic compounds such as caffeic acid, quercetin, rutin, and catechin, which can inhibit the growth of HeLa cancer cells. These findings indicate that *S. crispus* grown in the North-east of Malaysia (Kelantan) is a potential source of anticarcinogenic therapeutic compounds and suggest areas for further investigation. These findings suggested that *S. crispus* that acted as apoptotic inducer could become a potential anticancer agent in pharmaceutical development. This research has thrown up many questions in need of further investigation.

BHT

:   Butylated hydroxytoluene

DM

:   Dry Material

DPPH

:   1,1-diphenyl-2-picrylhydrazyl radical

FRAP

:   Ferric Reducing Antioxidant Potential

IC~50~

:   Half-maximal inhibitory concentration

MARDI

:   Malaysian Agriculture Research and Development Institute

MTT

:   3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

TPC

:   Total Phenolics Content

TFC

:   Total Flavonoids Content

TSC

:   Total Saponins Content

TPTZ

:   2,4,6-tripyridyl-S-triazine

UHPLC

:   Ultra-High Performance Liquid Chromatography
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